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What is bioinformatics?
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What are bioinformaticians up to, actually?

CBS

 Manage molecular biological data

— Store in databases, organise, formalise, describe...
 Compare molecular biological data
« Find patterns in molecular biological data

— phylogenies

— correlations (sequence / structure / expression / function /
disease)

Goals:
« characterise biological patterns & processes
« predict biological properties
— low level data = high level properties
(eg., sequence = function)



Bioinformatics: neighbour disciplines

CBS

« Computational biology

— Broader concept: includes computational ecology,
physiology, neurology etc...

e -OMICS:
— Genomics
— Transcriptomics
— Proteomics

e Systems biology
— Putting it all together...
— Building models, identify control & regulation
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Bioinformatics: prerequisites

CBS

* Blo- side:
— Molecular biology
— Cell biology
— GGenetics
— Evolutionary theory

e -informatics side:
— Computer science
— Statistics
— Theoretical physics
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Molecular biology data...

* DNA sequences

>alpha-D
ATGCTGACCGACTCTGACAAGAAGCTGGTCCTGCAGGTGTGGGAGAAGGTGATCCGCCAC
CCAGACTGTGGAGCCGAGGCCCTGGAGAGGTGCGGGCTGAGCTTGGGGAAACCATGGGCA
AGGGGGGCGACTGGGTGGGAGCCCTACAGGGCTGCTGGGGGTTGTTCGGCTGGGGGTCAG
CACTGACCATCCCGCTCCCGCAGCTGTTCACCACCTACCCCCAGACCAAGACCTACTTCC
CCCACTTCGACTTGCACCATGGCTCCGACCAGGTCCGCAACCACGGCAAGAAGGTGTTGG
CCGCCTTGGGCAACGCTGTCAAGAGCCTGGGCAACCTCAGCCAAGCCCTGTCTGACCTCA
GCGACCTGCATGCCTACAACCTGCGTGTCGACCCTGTCAACTTCAAGGCAGGCGGGGGAC
GGGGGTCAGGGGCCGGGGAGTTGGGGGCCAGGGACCTGGTTGGGGATCCGGGGCCATGCC
GGCGGTACTGAGCCCTGTTTTGCCTTGCAGCTGCTGGCGCAGTGCTTCCACGTGGTGCTG
GCCACACACCTGGGCAACGACTACACCCCGGAGGCACATGCTGCCTTCGACAAGTTCCTG
TCGGCTGTGTGCACCGTGCTGGCCGAGAAGTACAGATAA

>alpha-A
ATGGTGCTGTCTGCCAACGACAAGAGCAACGTGAAGGCCGTCTTCGGCAARATCGGCGGC
CAGGCCGGTGACTTGGGTGGTGAAGCCCTGGAGAGGTATGTGGTCATCCGTCATTACCCC
ATCTCTTGTCTGTCTGTGACTCCATCCCATCTGCCCCCATACTCTCCCCATCCATAACTG
TCCCTGTTCTATGTGGCCCTGGCTCTGTCTCATCTGTCCCCAACTGTCCCTGATTGCCTC
TGTCCCCCAGGTTGTTCATCACCTACCCCCAGACCAAGACCTACTTCCCCCACTTCGACC
TGTCACATGGCTCCGCTCAGATCAAGGGGCACGGCAAGAAGGTGGCGGAGGCACTGGTTG
AGGCTGCCAACCACATCGATGACATCGCTGGTGCCCTCTCCAAGCTGAGCGACCTCCACG
CCCAAAAGCTCCGTGTGGACCCCGTCAACTTCAAAGTGAGCATCTGGGAAGGGGTGACCA
GTCTGGCTCCCCTCCTGCACACACCTCTGGCTACCCCCTCACCTCACCCCCTTGCTCACC
ATCTCCTTTTGCCTTTCAGCTGCTGGGTCACTGCTTCCTGGTGGTCGTGGCCGTCCACTT
CCCCTCTCTCCTGACCCCGGAGGTCCATGCTTCCCTGGACAAGTTCGTGTGTGCCGTGGG
CACCGTCCTTACTGCCAAGTACCGTTAA

File: /fUsers/raz/Downlosd/byc_97201.21.abd.Ext
Aan ended: 9:O05AM Thu,Jun 07, 2001
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Molecular biology data...

« Amino acid sequences

e Protein structure:
— X-ray crystallography
— NMR

OO OO0 0O EOKEO®-

(a) Primary structure {(amino acid sequence in the protein chain)

o helix i sheet Domains (dark color) in

an antibody molecule

(b} Secondary structure (c) Local folding

One complete protein chain

« (white) and & (color)
tubulin molecules in a

The four separate chains
of hemoglobin assembled icrotubul
into an oligomeric protein mierotubule

{ chain of hemoglobin)

{d) Tertiary structure {e) Quaternary structure (f) Quaternary structure
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Cell biology & proteomics data...

e Subcellular localization

AN ANIMAL CELL

Nucleus
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Cell biology & proteomics data...

protein-protein

Interactions




Transcriptomics: DNA microarray technology
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Alternative titles; symbols

AUTOSOMAL DOMINANT COMPELLING HELIOOPHTHALMIC OUTBURST SYNDROME
PHOTIC SNEEZE REFLEX

SNEEZING FROM LIGHT EXPOSURE

PEROUTKA SNEEZE

TEXT

Collie et al. {1978} described a 'disorder’ characterized by nearly uncontrollable paroxysms of sneezing provoked i a reflex fashion by the
sudden exposure of a dark-adapted subject to mtensely bright ight, vsually sunhight. The number of successive sheezes was usually 2 or 3,

bart could be as many as 43, The 4 authors were the probands of the 4 families they reported. Several metances of male-to-male

transmission were noted. Sneezing m response to bright light was said by Peroutka and Peroutka (1984) to be a common yet pootly
understood phenomenon. Photic sneeze reflex was suggested as the appropriate designation by Everett (1964%, who found it in 23%0 of

Johns Hopkins medical students. In a poll of 25 neurclogists at Johns Hopkins, Peroutka and Peroutka (1384 found the phenomenon in %,

bt only 2 of the respondents knew that such a specific reflex exists. The Peroutkas (father and daughter) reported the reflex in 3

generations of their family: grandfather, the father (the proband), his brother and his daughter. The mdex subiject (3. 1P} invariably sneezes
twice when he moves from indoors into bright sunlight Lewloma (1969 described sneemng as a complcation of slit lamp exammation. =l

l_ I_I_ l_ l_lﬂ Inkernet




Prediction methods

CBS

« Homology / Alignment
o Simple pattern (“word”) recognition

o Statistical methods
— Weight matrices: calculate amino acid probabilities
— Other examples: Regression, variance analysis, clustering

 Machine learning

— Like statistical methods, but parameters are estimated by
iterative training rather than direct calculation

— Examples: Neural Networks (NN), Hidden Markov Models
(HMM), Support Vector Machines (SVM)

« Combinations
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The computer

« Everything can

be reduced to
bits (0O or 1)




Digital information
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* A byte = 8 hits
01000001

Can be interpreted as

 The number 65

 The letter "A”

« Part of a machine code instruction
« Part of a colour specification

e Part of a sound encoding




Text files

CBsS
. . . Dec Hex Char Dec Hex Char Dec Hex Char Dec Hex Char

A text flle IS a flle 0 00 Kl 32 20 Space 64 40 @ 95 60
1 01 Start of heading 33 21 ! 65 41 A 97 61 =
. 2 02 Startoftext 54 zz " 66 42 B 95 62 b
Where every byte IS 3 03 Endoftes 35 23 # 67 43 C 98 63 =@
4 04 Endoftransmit i6 24§ 68 44 D 100 64 d
. 5 05 Enguiry 37 Z5 % £2 45 E 101 65 e
mterpreted as a 6 06 Acknowledge 35 26 0 48 F 102 66
7 07  Audible bel 39 z7 71 47 G 103 67 g
8§ 08 Backspacs 40 2§ 72 48 H 104 68 h
Character 9 0% Horizontsl tab 41 29 73 49 I 105 69 i
10 0 Line feed 4z zA 74 4x J 106 BA 3
11 OB ‘erticaltab 43 2B + 75 4B K 107 6B k
E I 12 0OC Form feed 44 zC 76 4C L 106 6C 1
Xamp eS 13  OD Carriage return 45 ZD - 774D M 102 6D m
14 0E Shiftout 46 ZE . 78 4E N 110 6E n
Plaln text tXt 15 OF Shittin 47 2F / 73 4F 0O 111 &F o
16 10 Datalink escaps 45 30 O g0 50 P 112 70 p
. . . 17 11 Device contral 1 4a 31 1 51 51 @ 113 71 o
Program Settlngs .INi 18 12 Device control 2 50 3z 2 g2 52 R 114 72 «r
19 13 Device control 3 51 33 3 §3 53 & 115 73 =
C source Code C 20 14 Device contral 4 S5z 34 4 54 54 T 116 74 t
21 15 HMeg.acknowledge 53 35 &5 g5 55 U 117 75 u
. 22 16  Synchronous idle 54 36 6 ge 58 W 118 76w
Python Scrlpt py 23 17 Endtrans. biock 55 37 7 87 57 W 119 77 w
z4 18 Cancel 56 38 8 58 58 X 120 78 x
T X source teX 25 19  End of medium 57 39 9 §9 59 ¥ 121 79 ¥
E . 26 1A  Substiution 58 3A 90 SA 122 TA =
27 1B Escape 59 3B 91 5B [ 123 7B |
WEb page source html 28 1C  File separstor 60 3C < 9z 5C 4 124 7C |
29 1D  Group separstor 61 3D = 93 5D ] 125 7D}
Sequences fasta 30  1E Record separator 62 3E = 94 5ESE * 1z6 TFE ~
. 31 1F Unit separatar 63 3F 7 95 5F 127 TF O

The ASCII table



Extended character sets
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----------------

The are many ways to interpret characters with
values above 127. Here, you see two of them.

| ESEET () X4, -/
0123456789: ;<=>7

@ABCDEFGHIJKLMNO
PORSTUVWXYZ[MN] ™
abcdefghijklmno "Mac OS Roman"” Encoding;
pgrstuvwxyz{ | }~.
. s X - 0 (1 |2 3 |4 |5 |6 |7 |8 (9 |10 |11 |12 |13 |14 |15
"«.; - F __f FFase i T .!:'. n._.:'{: -\J-_ s 21 o 032 ! # $ 9{0 & ( ) ES + ; - A /
NI W e TTME s S o481 0 |1 |23 la|5])6 |7 89 :|:]l=<|=1=1¢2
R, _ wi|le | A|B|lc|D|E|F|lG|H|I|T|EK|L|M|N]|O
CEOY | S 0%« —E®
| ' ' ' |l P |Q|RISs|T|U|VIW|X|Y|Z|[T[/|~]T1]~»]_
Bz 1 q:‘[ ., 1 © gy Llaleds : 0,0 a b c d e f g h i j k 1 ml| n 0
AAARAAECEERETITY 20 ptgleloftlulviwix vyl lli})L-
T 128 |A|A|lc|lEB|N|O|U|a|a|al|a|a|lalcl|le]|e
PNOQOOOO=x@UUUUYDR a4l e || i |1 |i]i|lale|o|lo|o|lolalalala
L L . T e [n] T -
Adddddxceédsiiil 160 Pt ¢ |£]8]|T|8B | ® © * | & @
e e L 176 | = + | = = ¥ | n d | E || = i a ° Q| & | o
Onooooo~guuuul 'lr"p Y 192 s | i |2 [N Fl=1a]«]»].. AlA|DO|@E | e
Windovwws-1252, sometimes called incorrectly 08| - | —|” " ‘ ' + G y Y s € ¢ ! fi fl
"ARS!. Blue datz indicste unuzed or cantraol 24| 1 - p s | % | A| E A|E E i I I 1 O | O
characters 20| & | O T | T | U 1 - - - v - - -




Text files—Iline endings
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 UNIX standard (including Mac OS X):
e 10 — LF ("Line feed" char).

* Old Mac (System 9 and before):
« 13 — CR ("Carriage Return" char).

« DOS/Windows:

e 13, 10 — both CR and LF.
A good text editor can handle all three systems.
Notepad for Windows cannot!
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jEdit je

Programmer’s Text Editor Download

JEdit iz a mature programmer's test editor with undreds Mlain Site
{counting the tune developing pluging) of person-vears of

www.jedit.org

Features
development behind it To download, mstall, and set up jEdit as By
i ickly and painlessl ible, go to the Quick Start page.
quickly and painlessly az possible, go to the Cuic page R
= “While jEdit beats many expensive developrent tools for features Icons and Images
and ease of use, it 15 released as free software with full source Feviews
code, provided under the terms of the GPL 2.0, Download
Flugins

P — o The jEdit core, together with a large collection of plugins is
maintained by a wotld-wide developer team.

JEdit Community

some of jEdit's features mclude:;

Cluick Start Guide

® iritten i Java, 2o it runs on Mac OF 3, O5/2, Uniz, VIS and Windows. Eirifine DneumEREET

® Built-in macro language; extensible plugn architecture. Hundreds of macros and plugms available. Feedback and Suppart

® Plugins can be downloaded and mstalled from withun jEdit using the "plugm manager” feature.

e Auto indent, and syntax highlighting for more than 200 languages.

® Suppotts a large number of character encodings including TTFS and Thicode.

* Folding for selectively hiding regions of text.

® “Word wrap. .

® Highly configurable and customizable. JProfiler

® Every other feature, both basic and advanced, you would expect to find in a text editor. Zee the
Features page for a full Lst.

Developrnent
SourceForge Project
Sourceforge

Pay PR3

DOMATE
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